Dependence of fracture properties and hardening was examined as a function of helium production in tensile specimens of a martensitic steel F82H (Fe-8Cr-2W-0.1C-0.04Ta) irradiated at 300 C to 2.3 dpa by neutron irradiation in the JMTR (Japan Materials Testing Reactor). The specimens used in this study were F82H, F82H+60 ppm 11 B, F82H+30 ppm ( 11 B+ 10 B) and F82H+60 ppm 10 B. The helium range produced from 10 B (n,) 7 Li reaction was from 5 to 330 appm in the specimens. The tensile testing was performed at 25 C. The radiation hardening due to helium production was detected at 330 appmHe. The degradation of fracture stress due to helium production was approximately evaluated from the fracture strength and the reduction area. Effect of specimen size on tensile and Charpy impact properties in F82H doped with 60 ppm boron and 200 ppm nitrogen was also examined. The JIS 14A and SS-J3 (Small Size-Japanese-3 type) were used for the tensile specimens, and half size (55 mm in length, 10 mm in height and 5 mm in width) and 0.5-1/3CVN (18 mm in length, 3.3 mm in height and 1.65 mm in width) were used for the Charpy impact testing. The tensile properties were a similar to each other. However, the ductile-brittle transition temperature measured in smaller size specimen was somewhat lower than that in the standard size specimen.
Introduction
Reduced-activation ferritic/martensitic steels are candidate materials for the blanket structure of fusion reactors. The structure materials must not only withstand radiation damage, but also accommodate helium atoms due to transmutation process. The effects of neutron irradiation on tensile deformation, DBTT, and microstructures of F82H and the other ferritic/martensitic steels were reported. [1] [2] [3] [4] [5] [6] Radiation hardening occurred mainly at irradiation temperatures lower than about 400 C, and it increased with decreasing irradiation temperature up to about 250 C. The issue of helium accumulation on mechanical properties has been an ongoing concern. Recently, the effect of helium production on radiation hardening has been examining and the large enhancement of hardening due to helium from 600 appm to 10000 appm is detected in the tensile testing for 9Cr martensitic steels EM10 and T91 implanted by cyclotron experiments. 7) Small enhancements of radiation hardening due to helium are also reported in neutron irradiation experiment 8, 9) and ion beam experiments. 10) In order to examine the quantified analysis for the dependence of helium production on hardening, isotope 10 B dope technique to produce He atom in the alloys with a different 10 B concentration is effective method under a mixed spectrum reactor irradiation with thermal and first neutrons. Doping of B element can affect on mechanical properties before and after irradiation, and the errors induced from the effect of B on mechanical properties have to be minimized by comparing the results for the mechanical testing of 10 B and 11 B doped specimens. The first purpose of this study is focused to evaluate quantitatively the contribution of helium production on hardening and fracture behavior in F82H irradiated at 300 C for the synergistic effect of helium and displacement damage.
Effect of heat treatment on mechanical properties of Fe8Cr-2W-0.1C-0.2V-0.04Ta martensitic steel F82H doped with about 60 mass ppm B or both of 60 mass ppm B and 200 mass ppm N was examined, and the F82H doped with boron and nitrogen had an excellent mechanical.
11) The second purpose of the present study is to examine the effect of specimen size on tensile properties and DBTT in F82H doped with boron and nitrogen.
Experimental Procedure
The materials used in this study and the compositions are given in Table 1 . In order to produce helium atoms the materials were doped with about 60 mass ppm 10 B. The purity of isotope elements of 10 B and 11 B used in this study was about 95%. The plates of these materials with about 15 mm thickness were normalized at 1040 C for 40 minutes and tempered at 750 C for 60 minutes. The SS-3 tensile specimens were 0.76 mm thick with a gage length of 7.62 mm and 1.55 mm in width. Irradiation was carried out at nominally 250 C in the capsule 00M-66A of the Japan Materials Test Reactor (JMTR) in the Japan Atomic Energy Research Institute (JAERI) to neutron fluences of 1:4 Â 10 21 n/cm 2 (E > 1 MeV) and 1:2 Â 10 21 n/cm 2 (E < 0:683 eV), resulting in a displacement damage of $2:2 dpa. The averaged displacement damage induced by the reaction of 10 B(n; ) 7 Li was calculated as about 0.2 and 0.1 dpa for the F82H+ 10 B and F82H+ 11 B+ 10 B, respectively. The total displacement damage due to the transmutation reaction and neutron irradiation was 2.4 dpa in the F82H+ 10 B. After the neutron irradiation, tensile testing was carried out in air at a strain rate of 4 Â 10 À4 s À1 at 25 C in a hot cell of the JMTR hot laboratory. After the tests, the fracture surface was observed by a scanning electron microscope (SEM). The concentrations of helium in the specimens after the irradiations were measured by using a mass analyzer of magnetic reflection type. The helium concentrations produced from a reaction of 10 B(n,) 7 Li in the F82H+B steels irradiated in the JMTR were evaluated and the helium concentrations produced in the F82H-std, F82H+
10 B, F82H+ 11 B and F82H+
10 B+ 11 B steels were 5, 331, 14 and 194 appm, respectively. The effect of specimen size on mechanical properties was examined for a F82H doped with about 60 mass ppm B and 200 mass ppm N. The detail preparations of this alloy were reported. 11) In tensile testing, JIS 14A tensile specimen (6 mm diameter and 33 mm length in the gauge region) and SS-J3 (small size Japanese-3, 0.76 mm thick with a gage length of 7.62 mm and 1.55 mm in width) were measured at room temperature under a strain rate of 2:5 Â 10 À3 and 4:4 Â 10 À4 s À1 , respectively. The ductile-brittle transition temperatures of the specimens were measured by using half-size Charpy impact specimens (5 mm width, 10 mm height, 50 mm length) with V-notch and smaller size impact specimens (1.65 mm width, 3.3 mm height, 18 mm length).
Results and Discussion

Tensile testing after neutron irradiation
The stress-strain curves of F82H, F82H+ 10 B, F82H+ 11 B, and F82H+
10 B+ 11 B steels irradiated at 300 C in JMTR were given in Fig. 1 . The tensile properties were measured at 25 C. The increments of yield stress, ÁYS, and ultimate tensile strength, ÁUTS, due to irradiation are given in Fig. 2 . In the F82H+
10 B+ 11 B and F82H+ 10 B, the ÁYS and ÁUTS increased somewhat with increasing helium production. In Fig. 3 , the fracture surfaces of tensile specimens are shown, and the reduction area decreased in the F82H+ 10 B. The ratio of fracture strength to fracture area in tensile testing was given in Fig. 4 , and the approximate fracture stress decreased in the F82H+ 10 B+ 11 B and F82H+ 10 B. This result might indicate that the fracture stress was reduced by a high amount of helium production. ÁYS due to helium production, ÁYS(He), is defined as the difference between ÁYS of F82H+ 10 B or F82H+ 10 B+ 11 B and ÁYS of F82H+ 11 B and it is given by
ÁYSðF82H þ 10 BÞ ¼ YSðF82H þ 10 BÞ irrad.
where YS irrad. and YS non-irrad. are the yield stress of the specimen after and before irradiation. ÁYS induced by helium production is detected at around 330 appmHe. The radiation hardening due to helium production was also reported in T91 martensitic steel implanted with helium, 7) and the formation of cavities was observed. It could be expected that the cavities would be also formed in this experiment, and the factor of hardening due to helium was caused by the formation of cavities.
Effect of specimen size on mechanical properties
The dependence of specimen size on the DBTT was examined as shown in Fig. 5 . The DBTT of the standard size and small specimens were À83
C and À95 C, respectively. There was a difference about 12 C between these data. In the tensile testing, similar values for YS, UTS and TE were obtained in the different size specimens as given in Fig. 6 . In Figs. 7(a) and (b) , tensile properties of F82H doped with boron and nitrogen were shown as a function of temperature. The properties of F82H doped with boron and nitrogen were very similar to those of F82H tested at 25 C.
Conclusions
(1) The radiation hardening due to helium production in F82H was detected at 330 appmHe. (2) The measured reduction area decreased with helium production in F82H steels tested at room temperature. (3) The degradation of fracture stress due to helium production was approximately evaluated from the fracture strength and the reduction area. (4) The stress and elongations obtained by using different size specimens were very similar to each other. (5) The ductile-brittle transition temperature measured in smaller size specimen was À95 C and it was lower than that, À83 C, in the standard specimen. 
